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DISCONTINUOUS UPLINK TRANSMISSION
OPERATION AND INTERFERENCE
AVOIDANCE FOR A MULTI-CARRIER
SYSTEM

CROSS-REFERENCES TO RELAT
APPLICATIONS

L1

D,

This application claims the benefit of U.S. Provisional
Application No. 61/160,645 entitled “DISCONTINUOUS

UPLINK TRANSMISSION OPERATION AND INTER-
FERENCE AVOIDANCE FOR A MULTI-CARRIER SYS-
TEM” filed Mar. 16, 2009, which 1s incorporated herein by

reference for all purposes.

BACKGROUND

The following relates generally to wireless communica-
tion, and more specifically to control of multi-carrier uplink
behavior for multi-carrier wireless communication systems.
Wireless communication systems are widely deployed to pro-
vide various types ol communication content such as voice,
video, packet data, messaging, broadcast, and so on. These
systems may be multiple-access systems capable of support-
ing communication with multiple users by sharing the avail-
able system resources (e.g., time, frequency, and power).
Examples of such multiple-access systems include code divi-
sionmultiple access (CDMA) systems, time division multiple
access (IDMA) systems, frequency division multiple access
(FDMA) systems, 3GPP Long Term Evolution (LTE) sys-
tems, and orthogonal frequency division multiple access
(OFDMA) systems.

Generally, a wireless multiple-access communication sys-
tem may include a number of base stations to simultaneously
support communication for multiple mobile terminals. Each
mobile terminal communicates with one or more base sta-
tions via transmissions on the forward and reverse links. A
reference to a “downlink™ refers to the communication link
from the base stations to the terminals, and a reference to an
“uplink” refers to the communication link from the terminals
to the base stations. The system may support operation on
multiple carriers. Each carrier may be associated with a par-
ticular center frequency and a particular bandwidth. Each
carrier may carry pilot and overhead information to support
operation on the carrier, and carry data for terminals operating
on the carrier.

Typically, 1n two-way conversations, each party speaks for
sometime during which a communication system transmaits
the party’s speech (e.g., less than half of the time) and pauses
for other times during which the communication system
transmits silence or background noise. Discontinuous trans-
mission (DTX) during the silence (or background noise)
period may have little impact on the perceptual quality of the
conversation but may reduce inter-/intra-cell interference
(therefore potentially increasing the system capacity) and
conserving the battery power of a mobile terminal used for the
conversation. When multiple carriers may be used on the
uplink from a mobile terminal, the configuration of D'TX can
present challenges.

SUMMARY

The described features generally relate to one or more
improved systems, methods and/or apparatuses for discon-
tinuous uplink transmissions. Further scope of the applicabil-
ity of the described methods and apparatuses will become
apparent from the following detailed description, claims, and
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2

drawings. The detailed description and specific examples are
given by way of 1llustration only, since various changes and
modifications within the spirit and scope of the description
will become apparent to those skilled 1n the art.

Systems, methods, devices, and computer program prod-
ucts are described for discontinuous multi-carrier uplink
management in a wireless communication system. In one
example, common timing parameters are identified for use 1n
relation to discontinuous uplink transmissions on each of two
or more wireless carriers concurrently transmitting from an
access terminal. A {irst operational state (e.g., a data trans-
mitting state) 1s associated with a first wireless carrier. A
second, different state (e.g., a periodic burst state during an
inactive data transmission period) 1s associated with a second
wireless carrier. The second carrier 1s operated 1n the second
operational state concurrently with the first carrier being
operated 1n the first operational state, and each carrier 1s
operated 1n accordance with the common timing parameters.

An exemplary access terminal for discontinuous multi-
carrier uplink communication includes: one or more antennas
configured to transmit and receive wireless communications;
a transcerver coupled with the antenna; and a memory con-
figured to store data 1dentifying common timing parameters
to be used 1n relation to discontinuous uplink transmissions
on each of a plurality of wireless carriers usable for concur-
rent transmissions from the access terminal. The exemplary
access terminal also includes a processor coupled with the
transceiver and the memory, and configured to: identify a first
operational state to be associated with a first carrier of the
plurality of wireless carriers; 1dentily a second operational
state, different from the first operational state, to be associated
with a second carrier of the plurality of wireless carriers; and
cause the transceiver to operate on the first carrier in the first
operational state concurrently with operating on the second
carrier in the second operational state and 1n accordance with
the common timing parameters.

Examples of such an access terminal may include one or
more ol the following features: the first operational state
comprises a data transmitting state and the second operational
state comprises a periodic burst state during an inactive data
transmission period; or, the first operational state comprises a
first periodic burst state during an 1nactive data transmission
period, and the second operational state comprises a second
periodic burst state during an inactive data transmission
period, wherein there 1s a longer duration between bursts in
the second periodic burst state than the first periodic burst
state. The first operational state and the second operational
state may have a common and synchronized transmit timing,
interval.

Also or alternatively, such an access terminal may include
examples wherein the common timing parameters include: a
same burst length for burst transmission during an inactive
data transmission period; a same time between bursts during
an 1nactive data transmission period; and a same first time
between bursts during a first inactive data transmaission period
and a same second time, longer than the first time, between
bursts during a second 1nactive data transmission period, the
second 1nactive period occurring for a respective carrier when
an 1nactivity timer exceeds a threshold. The threshold may be
a common 1nactivity threshold.

Also or alternatively, the first carrier and second carrier
may be adjacent carriers, and there may be one or more
additional carriers. In some examples, there may be addi-
tional unused carriers between the first and second carriers.
Such an access terminal may include examples wherein the
processor 1s further configured to: 1dentify the second opera-
tional state to be associated with a third carrier of the plurality
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of wireless carriers and cause the transceiver to operate on the
third carrier 1n the second operational state 1n accordance
with the common timing parameters. The processor may fur-
ther be configured to cause the transceiver to operate concur-
rently on the second carrier 1n the second operational state and
the third carrier in the second operational state, wherein the
second carrier and the third carrier have a common and syn-
chronized transmit timing interval. The processor may further
be configured to receive schedule information for the first
operational state on the first carrier at the access terminal and
to recerve schedule information for the second operational
state on the second carrier at the access terminal.

An exemplary device for discontinuous uplink transmis-
sions on a plurality of wireless carriers includes: means for
identifying common timing parameters to be used for discon-
tinuous uplink transmissions on each of a plurality of wireless
carriers usable for concurrent transmissions from an access
terminal; means for identifying a first operational state to be
associated with a first carrnier of the plurality of wireless
carriers; means for identifying a second operational state,
different from the first operational state, to be associated with
a second carrier of the plurality of wireless carriers; means for
causing the first carrier to be operated 1n the first operational
state 1n accordance with the common timing parameters; and
means for causing the second carrier to be operated 1n the
second operational state in accordance with the common
timing parameters, wherein the second carrier 1s operated 1n
the second operational state concurrently with the first carrier
being operated 1n the first operational state.

Examples of such a device may include one or more of the
following features: the first operational state comprises a data
transmitting state and the second operational state comprises
a periodic burst state during an inactive data transmission
period on the second carrier; and, the first operational state
and the second operational state have a common transmit
timing interval.

An exemplary computer program product for discontinu-
ous uplink transmissions on a plurality of wireless carriers
includes processor-readable instructions configured to cause
a processor to: identily common timing parameters to be used
in relation to discontinuous uplink transmissions on each of a
plurality of wireless carriers usable for concurrent transmis-
s10ns from an access terminal; identify a first operational state
to be associated with a first carrier of the plurality of wireless
carriers; 1dentily a second operational state, different from the
first operational state, to be associated with a second carrier of
the plurality of wireless carriers; cause the first carrier to be
operated 1n the first operational state 1n accordance with the
common timing parameters; and cause the second carrier to
be operated in the second operational state 1n accordance with
the common timing parameters.

Examples of such a device may include one or more of the
following features: mstructions to transmit the first opera-
tional state schedule information to the access terminal and
instructions to transmit the second operational state schedule
information to the access terminal; or, 1nstructions to receive
schedule information for the first operational state on the first
carrier at the access terminal and receive schedule informa-
tion for the second operational state on the second carrier at
the access terminal. The computer program product may be
integrated into an access terminal.

An exemplary processor for discontinuous uplink trans-
missions on a plurality of wireless carriers includes: a param-
cter controller configured to identily common timing param-
cters to be used in relation to discontinuous uplink
transmissions on each of a plurality of wireless carriers usable
for concurrent transmissions from an access terminal; a first
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carrier state controller configured to 1dentity a first opera-
tional state to be associated with a first carrier of the plurality
of wireless carriers and cause the first carrier to be operated 1n
the first operational state in accordance with the common
timing parameters; and a second carrier state controller con-
figured to 1dentily a second operational state, different from
the first operational state, to be associated with a second
carrier ol the plurality of wireless carriers and cause the
second carrier to be operated in the second operational state 1n
accordance with the common timing parameters.

Examples of such a processor may include one or more of
the following features: memory configured to store common
timing parameters to be used for discontinuous uplink trans-
missions on each of a plurality of wireless carriers usable for
concurrent transmissions from an access terminal, and store
schedule information for the first operational state on the first
carrier at the access terminal and store schedule information
for the second operational state on the second carrier at the
access terminal. The processor may be integrated into an
access terminal or base station controller.

An exemplary method for discontinuous uplink transmis-
s1ons on a plurality of wireless carriers includes: establishing
common timing parameters to be used 1n relation to discon-
tinuous uplink transmissions on each of a plurality of wireless
carriers usable for concurrent transmissions from an access
terminal; identifying a first operational state for the access
terminal on a first carrier of the plurality of wireless carriers;
and 1dentifying a second operational state, different from the
first operational state, for the access terminal on a second
carrier of the plurality of wireless carriers, wherein the first
operational state and the second operational state operate
concurrently. By way of example, the first operational state
may be a data transmitting state and the second operational
state may be a periodic burst state during an 1nactive data
transmission period; or, the first operational state comprises a
first periodic burst state during an 1nactive data transmission
period, and the second operational state comprises a second
periodic burst state during an inactive data transmission
period, wherein there 1s a longer duration between bursts in
the second periodic burst state than the first periodic burst
state. The {first operational state and the second operational
state may have a synchronized transmit timing interval.

Examples of such a method may include one or more of the
following features: causing the access terminal to operate on
the first carrier 1n the first operational state and concurrently
operate on the second carrier in the second operational state;
setting a same burst length for the first carrier and the second
carrier burst transmissions during inactive data transmission
periods; setting a same time between bursts during an inactive
data transmission period; identitying, for the first carrier and
the second carrier, a same first time between bursts during a
first inactive data transmission period and identifying, for the
first carrier and the second carrier, a same second time, longer
than the first time, between bursts during a second 1nactive
data transmission period; or establishing a same inactivity
threshold, wherein exceeding the inactivity threshold extends
a time between bursts during an inactive data transmission
period for a respective carrier of the plurality of carriers.

Also or alternatively, examples of such a method may
include one or more of the following features: selecting the
first carrier and second carrier because they are adjacent
carriers; 1identifying the second operational state to be asso-
ciated with a third carrier of the plurality of wireless carriers,
and causing the third carrier 1n the second operational state 1n
accordance with the common timing parameters; or, causing
the second carrier to operate in the second operational state
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and the third carrier to operate concurrently in the second
operational state. The method 1s performed by a base station
controller or access terminal.

An exemplary base station controller for discontinuous
multi-carrier uplink communication includes: a network
interface configured to communicate with a wired communi-
cation network; a base transceiver station interface config-
ured to communicate with one or more base transceiver sta-
tions; and a memory configured to store common timing,
parameters to be used in relation to discontinuous uplink
transmissions on each of a plurality of wireless carriers usable
for concurrent transmissions from an access terminal and
store a plurality of operational states for performing discon-
tinuous uplink transmissions from the access terminal. The
exemplary base station controller further includes a processor
configured to: 1dentily, for a defined time duration, that first
uplink transmissions will be performed from the access ter-
minal on a first carrier of the plurality of wireless carriers in a
first operational state of a plurality of operational states 1n
accordance with the common timing parameters; and 1den-
tify, for a defined time duration, that second uplink transmis-
s1ons will be performed from the access terminal on a second
carrier of the plurality of wireless carriers 1n a second opera-
tional state of a plurality of operational states 1n accordance
with the common timing parameters. The processor of the
base station controller may further be configured to cause the
first operational state schedule information to be transmaitted
to the access terminal, and cause the second operational state
schedule information to be transmitted to the access terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a wireless communication
system.

FI1G. 2 1s a block diagram of an access terminal for discon-
tinuous multi-carrier uplink transmissions.

FIG. 3 1s a block diagram of functional components of a
processor for discontinuous multi-carrier uplink transmis-
S101S.

FIG. 4 1s a block diagram of a base station controller for
discontinuous multi-carrier uplink transmissions.

FIG. 5 1s a block diagram of functional components of a
processor configured to establish discontinuous multi-carrier
uplink transmissions.

FIG. 6 1s a block diagram illustrating contents of memory
for managing discontinuous multi-carrier uplink transmis-
S1011S.

FIG. 7 1s a flowchart of a method for discontinuous uplink
transmissions.

FIG. 8 1s a flowchart of a method for management of
multi-carrier discontinuous uplink transmissions.

FIG. 9 1s a flowchart of a method for management of
multi-carrier discontinuous uplink transmissions from an
access terminal.

FIG. 10 1s a block diagram of a radio access system having,
two radio network subsystems along with 1ts interfaces to
core and user equipment.

FI1G. 11 1s a simplified representation of a cellular commu-
nications system.

FI1G. 12 1s a block diagram of a portion of the communica-
tion system where a Node B and a radio network controller
interface with a packet network interface.

FI1G. 13 1s a block diagram of the user equipment (UE).
FIG. 14 1s a functional block flow diagram of signals

through structures of a transmaitter.

DETAILED DESCRIPTION

Management of discontinuous multi-carrier uplink trans-
mission 1n a wireless communication system 1s described. An
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6

access terminal may 1dentity common timing parameters for
use 1n relation to discontinuous uplink transmissions on each
of two or more wireless carriers concurrently transmitting
from an access terminal. A first operational state (e.g., a data
transmitting state) 1s associated with a first wireless carrier,
and a second, different state (e.g., a periodic burst state during
an 1nactive data transmission period) 1s associated with a
second wireless carrier. The first carrier may be operated 1n
the first operational state concurrently with the second carrier
being operated 1n the second operational state, with each
carrier operated 1n accordance with the common timing
parameters.

Techniques described herein may be used for various wire-
less communication systems such as CDMA, TDMA,
FDMA, OFDMA, SC-FDMA, and other systems. The terms
“system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as
CDMA2000, Umversal Terrestrial Radio Access (UTRA),
etc. CDMA2000 covers IS-2000, 1S-95, and IS-856 stan-
dards. IS-2000 Releases 0 and A are commonly referred to as
CDMA2000 1X, 1X, etc. IS-856 (TIA-856) 1s commonly
referred to as CDMAZ2000 1xEV-DO, High Rate Packet Data
(HRPD), etc. UTRA includes Wideband CDMA (WCDMA)
and other variants of CDMA. A TDMA system may 1mple-
ment a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may imple-
ment a radio technology such as Ultra Mobile Broadband
(UMB), Evolved UTRA (E-UTRA), IEEE 802.11 (W1-F1),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc.
UTRA and E-UTRA are part of Umiversal Mobile Telecom-
munication System (UMTS). 3GPP Long Term Evolution
(LTE) and LTE-Advanced (LTE-A) are new releases of
UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A and GSM are described in documents from an orga-
nization named ‘“3rd Generation Partnership Project”
(3GPP). CDMA2000 and UMB are described in documents
from an orgamization named ‘“3rd Generation Partnership
Project 27 (3GPP2). The techniques described herein may be
used for the systems and radio technologies mentioned above
as well as other systems and radio technologies. The descrip-
tion below, however, describes an LTE system for purposes of
example, and LTE terminology 1s used in much of the descrip-
tion below, although the techniques are applicable beyond
LTE applications.

Thus, the following description provides examples, and 1s
not limiting of the scope, applicability, or configuration set
forth 1n the claims. Changes may be made 1n the function and
arrangement ol elements discussed without departing from
the spirit and scope of the disclosure. Various examples may
omit, substitute, or add various procedures or components as
approprate. For instance, the methods described may be per-
formed 1n an order different from that described, and various
steps may be added, omitted, or combined. Also, features
described with respect to certain examples may be combined
in other examples. The following description uses the terms
DTX and discontinuous transmission interchangeably.

Referring first to FIG. 1, a block diagram 1illustrates an
example of a wireless communication system 100. The sys-
tem 100 includes base transcerver stations (BTSs) 105, dis-
posed 1n cells 110, mobile access terminals 115 (AT's), and a
base station controller (BSC) 120. The system 100 may sup-
port operation on multiple carniers (wavelorm signals of dif-
ferent frequencies). Multi-carrier transmitters can transmit

modulated signals simultaneously on the multiple carriers.
Each modulated signal may be a CDMA signal, a TDMA
signal, an OFDMA signal, a SC-FDMA signal, etc. Each

modulated signal may be sent on a different carrier and may
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carry pilot, overhead information, data, etc. In some
examples, the system 100 1s a multi-carrier LTE network
capable of efliciently allocating network resources.

The BTSs 105 can wirelessly communicate with the AT's
115 via a base station antenna. The BTS 105 may also be
referred to as an access point, an access node (AN), a Node B,

an evolved Node B (eNB), etc. The BTSs 105 are configured
to communicate with the ATs 115 under the control of the

BSC 120 via multiple carriers. Each of the BTSs 1035 can

provide communication coverage for a respective geographic
area, here the cell 110-a, 110-54, or 110-c. Each of the cells

110 of the BTSs 105 1s partitioned into multiple (here three)
sectors 125 (as shown 1n cell 110-a) as a function of the base
station antenna 22. While FIG. 1 shows the sectors 123 as
being sharply defined, with the ATs 115 being in only one
sector 125 each, the sectors 1235 overlap and a single AT 115
can be 1n multiple sectors 125 and multiple cells 110 simul-
taneously such that the BTSs 105 can communicate with the

AT 115 through more than one sector 125 and more than one
cell 110.

The system 100 may include only macro BTSs 105 or it can
have BTSs 105 of different types, e€.g., macro, pico, and/or
femto base stations. A macro BTS 105 may cover a relatively
large geographic area (e.g., several kilometers 1n radius) and
may allow unrestricted access by terminals with service sub-
scription. A pico BTS 105 may cover a relatively small geo-
graphic area (e.g., a pico cell) and may allow unrestricted
access by terminals with service subscriptions. A femto or
home BTS 105 may cover a relatively small geographic area
(e.g., a femto cell) and may allow restricted access by termi-
nals having association with the femto cell (e.g., terminals for
users in a home).

The AT's 115 can be dispersed throughout the cells 110. The
ATs 115 may be referred to as mobile stations, mobile
devices, user equipment (UE), or subscriber units. The ATs
115 here include cellular phones and a wireless communica-
tion device, but can also include personal digital assistants
(PDAs), other handheld devices, netbooks, notebook com-
puters, etc.

Aswill be described 1n further detail herein, an AT 115 may
identily common timing parameters for use on discontinuous
uplink transmissions on each ol two or more wireless carriers.
A first operational state (e.g., a data transmitting state) may be
assoclated with a first wireless carrier, and a second, different
state (e.g., a periodic burst state during an iactive data trans-
mission period) may be associated with a second wireless
carrier. These different operational states may be operated
concurrently, while sharing common timing parameters
across carriers. An AT 115 may receive scheduling and con-

trol information identiiying the common parameters, carriers,
or states to be used from a BTS 105 or BSC 120 (e.g., via the

BTS 105).

Referring next to FIG. 2, a block diagram 200 illustrates an
example AT 115-a. This may, for example, be the AT 115 of
FIG. 1. The AT 115-a includes an antenna 205, a transceiver
module 210, memory 215, and a processor module 225,
which each may be 1n communication, directly or indirectly,
with each other. The transcerver module 210 1s configured to
communicate bi-directionally with the BTS 105. The
memory 215 may include random access memory (RAM)
and read-only memory (ROM). The memory 215 may store
computer-readable, computer-executable software code 220
containing 1nstructions that are configured to, when executed,
cause the processor module 225 to perform various functions
described herein. Alternatively, the software 220 may not be
directly executable by the processor module 225 but 1s con-
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figured to cause the computer, e.g., when compiled and
executed, to perform the functions.

The processor module 2235 may include an intelligent hard-
ware device, e.g., a central processing unit (CPU) such as
those made by Intel® Corporation or AMD®, a microcon-
troller, an application specific integrated circuit (ASIC), eftc.
The processor module 2235 may include a speech encoder (not
shown) configured to receive audio via a microphone, convert
the audio 1nto packets (e.g., 20 ms in length) representative of
the recerved audio, provide the audio packets to the trans-
ceiver module 210, and provide indications of whether a user
1s speaking. Alternatively, an encoder may only provide pack-
ets to the transceiver module 210, with the provision or with-
holding/suppression of the packet itself providing the indica-
tion of whether a user 1s speaking.

The transcerver module 210 may include a modem config-
ured to modulate the packets and provide the modulated
packets to the antenna 205 for transmission, and to demodu-
late packets received from the antenna 205. In some
examples, the antenna 205 may be multiple antennas. The AT
115-a can commumnicate with the BTSs 105 via uplinks and
downlinks using an active set of carriers. The downlink refers
to the communication link from the BTS 105 to the AT 115-4,
and the uplink refers to the communication link from the AT
115-a to the BTS 1035. The active set of carriers 1s the set of
carriers for which communication with a BTS 105 has been
determined to be possible to a satistactory degree.

The memory 215 may store data identifying common tim-
ing parameters for discontinuous uplink transmissions on
cach of a set of active wireless carriers for concurrent trans-
missions from the access terminal. The processor module 225
identifies a first operational state (e.g., a data transmitting
state) for one of the uplink carriers and a different operational
state (e.g., a discontinued data transmission state, or a peri-
odic burst state during an inactive data transmission period)
for a second one of the uplink carriers. These may be adjacent
carriers, and there may be one or more additional carriers. The
carriers may have a common and synchronized transmit tim-
ing interval. The processor module 225 1s configured to cause
the transceiver module 210 to operate concurrently on the first
carrier 1n the first operational state and on the second carrier
in the second operational state.

Thus, the operational states of the carriers 1n a discontinu-
ous uplink may be different and independent of each other,
while sharing common timing parameters for discontinuous
uplink transmissions. By way of example, such common
timing parameters may include timing parameters related to
various stages ol discontinuous uplink transmissions. When a
particular carrier 1s operating 1n a discontinuous mode, the
transcerver module 210 may continue to transmit bursts to
maintain connection with the BTS 105 during periods of
inactivity. This may allow for monitoring of the signal quality
of that carrier. The common timing parameters may specily
that each carrier use a same burst length for burst transmission
during an inactive data transmission period. Similarly, the
common timing parameters may specily that a same time
between bursts be used during an inactive data transmission
period. In another example, there may be a first, common time
between bursts during a {first mnactive data transmission
period, and a second longer, common time, between bursts
during a second 1mactive data transmission period, the second
iactive period occurring for a respective carrier when an
iactivity timer exceeds a threshold. The threshold may be a
shared 1nactivity threshold. There are a variety of common
timing parameters that may be set for use across carriers, and
these will be discussed 1n more detail below.
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As noted, the transceiver module 210 may be configured to
transmit on more than two uplink carriers. Thus, the processor
module 225 may cause more than one carrier to operate in one
ol the operational states concurrently (e.g., specilying that
multiple carriers operate 1n periodic burst states during an
inactive data transmission period, and only one carrier oper-
ates 1n a data transmission state). Carriers, therefore, may
operate 1n a same operational state at certain times, and with
certain configurations. The processor module 2235 may fur-
ther be configured to receive schedule information for the
operational states on each carrier, common timing parameter
information, and other metrics (e.g., from a BTS 105 via the
transceiver module 210).

Referring next to FIG. 3, a block diagram 300 illustrates an
example of certain components of a processor module 225-4.
This processor module 225-a may be the processor module
225 of FIG. 2. The processor module 225-a includes a DTX
parameter control module 305, and a number of DTX state
control modules 310.

The DTX state control carrier modules 310 and the DTX
parameter control module 305 may each be in communica-
tion with each other, directly or indirectly. The DTX param-
cter control module 305 and DTX state control modules 310
may, individually or collectively, be implemented with one or
more Application Specific Integrated Circuits (ASICs)
adapted to perform some or all of the applicable functions 1n
hardware. Alternatively, the functions may be performed by
one or more other processing units (or cores), on one or more
integrated circuits. In other examples, other types of inte-
grated circuits may be used (e.g., Structured/Platiform ASICs,
Field Programmable Gate Arrays (FPGAs), and other Semi-
Custom ICs), which may be programmed 1n any manner
known 1n the art. The functions of each unit may also be
implemented, 1n whole or 1n part, with instructions embodied
in a memory, formatted to be executed by one or more general
or application-specific processors. Each module may include
memory, or accessed memory may be elsewhere on (e.g.,
memory 215 of FIG. 2) on or off the processor module 225-a.

The DTX parameter control module 305 may identify
common timing parameters (€.g., the common timing param-
eters discussed above) to be used in relation to discontinuous
uplink transmissions on the wireless carriers usable for con-
current transmissions from an access terminal. A DTX state
control module 310-a may 1dentify a first operational state to
be associated with a first carrier, and cause the first carrier to
be operated 1n the first operational state 1n accordance with
the common timing parameters. A second DTX state control
module 310-a may 1dentily a second operational state, differ-
ent from the first operational state, to be associated with a
second carrier, and cause the second carrier to be operated 1n
the second operational state in accordance with the common
timing parameters. Thus, different states of operation may run
concurrently on different uplink carriers.

Memory on or oif the processor module 225-a may store
the common timing parameters to be used for discontinuous
uplink transmissions, and store configuration and schedule
information for the operational states on each carrier. Thus,
the components of processor module 225-a may access the
common timing parameter and state information in a number
of ways.

Referring next to FIG. 4, a block diagram 400 1llustrates an
example BSC 120-q. This may, for example, be the BSC 120
of FIG. 1. The BSC 120-q 1s a computer system including a
network interface 405, a BTS interface 410, memory 4135, a
processor module 4235, and disk drives 430. The BTS inter-
face 410 includes the transmitter and receiver for transmit-
ting, receiving, encoding, and decoding transmissions
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between the BSC 120-a and the BTSs (e.g., the BTSs 105 of
FIG. 1). It 1s worth noting that one or more functions
described for BSC 120-ga may be performed by a BTS, and

that the BSC 120-a may be integrated 1in varying degrees with
a BTS. Thus, while 1n some examples the BSC 120-a may
wirelessly communicate with and control a number 11 BT'Ss,

there are a variety of ways this functionality may be integrated
into a BTS.

The memory 415 includes random access memory (RAM)
and read-only memory (ROM). The disk drives 430 may
include a hard-disk drive and can include floppy-disk drives,
a CD-ROM dnive, and/or a zip drive. The network interface
4035 1includes appropriate hardware for bi-directional commu-
nication to and from a mobile switch center (MSC) that 1s 1n

communication with a phone network such as a public-
switched telephone network (PSTN). The BSC 120-q 1s con-
nected and configured for bi-directional communication with
BTSs. The BSC 120-a may be configured to convey, recerve,
encode, and decode transmissions to and from the BT Ss using
the BTS mterface 410 and the processor module 425.

The processor module 425 may be an intelligent hardware
device, e.g., a central processing unit (CPU) such as those
made by Intel® Corporation or AMD®, a microcontroller, an
application specific integrated circuit (ASIC), etc. The BSC
120-a stores, e.g., 1n the memory 415, computer-readable,
computer-executable software code 420 containing instruc-
tions that are configured to, when executed, cause the proces-
sor module 425 to perform tunctions described below. Alter-
natively, the software 420 may not be directly executable by
the processor module 425, but may be configured to cause the
BSC120-a, ¢.g., when compiled and executed, to perform the
functions. The software 420 may be loaded onto the BSC
120-a, ¢.g., by being downloaded via a network connection,
uploaded from a disk, etc.

The memory 415 may store common timing parameters to
be used for concurrent discontinuous uplink transmissions on
cach of a number of wireless carriers from an AT (e.g., AT 115
of FIG. 1). These common timing parameters can be applied
to a wider set of Als, as well. The memory 415 may store
signal quality data for the various carriers, scheduling and
grant information, and configuration data for different opera-
tional states related to discontinuous uplink transmissions
from the AT. The processor module 425 may access the sched-
uling and grant information and configuration data, and i1den-
tify, for a defined time duration, that uplink transmissions will
be performed from the AT on a first carrier 1n a first opera-
tional state (e.g., enabling a data transmitting state). The
processor module 4235 may further use the accessed informa-
tion to identily, for the defined time duration, that uplink
transmissions will be performed from the AT on a second
carrier in a second operational state (e.g., a discontinued data
transmission state, or a periodic burst state during an mactive
data transmission period). The processor module 425 may
trigger or otherwise cause the operational state schedule
information to be transmitted to the AT via the BTS interface
410. The processor module 425 of the base station controller
may trigger or otherwise cause common timing parameters to
be transmitted to the AT via the BTS interface 410.

The processor module 425 may analyze aspects of a set of
uplink carriers assigned to an AT engaged 1n multi-carrier
communication. The analysis may include the frequency
bands of the carriers, and whether the bands are adjacent 1n a
frequency spectrum. Furthermore, the analysis may include
transmit power and interference within a wireless network
caused by uplink transmissions (e.g., pilot transmissions).
Based on the analysis, carriers may be selected (or enabled)
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for data transmission, or selected for discontinued transmis-
sion. These selections may then be used for scheduling pur-
poses.

Referring next to FIG. 5, a block diagram 500 illustrates an
example of certain components of a processor module 425-q.
This processor module 425-a may be the processor module
425 of FIG. 4. The processor module 425-q includes a DTX
UL state assignment module 505, a DTX UL parameter mod-
ule 510, and a scheduler module 515, which may each be 1n
communication with each other, directly or indirectly.

The DTX UL state assignment module 505, the DTX UL
parameter module 510, and the scheduler module 5135 may,
individually or collectively, be implemented with one or more
Application Specific Integrated Circuits (ASICs) adapted to
perform some or all of the applicable functions 1n hardware.
Alternatively, the functions may be performed by one or more
other processing units (or cores), on one or more 1tegrated
circuits. In other examples, other types of integrated circuits
may be used (e.g., Structured/Platform ASICs, Field Pro-
grammable Gate Arrays (FPGAs), and other Semi-Custom
ICs), which may be programmed 1n any manner known in the
art. The functions of each unit may also be implemented, 1n
whole or 1n part, with instructions embodied 1n a memory,
formatted to be executed by one or more general or applica-
tion-specific processors. Each module may include memory,
or accessed memory may be elsewhere on (e.g., memory 4135
of FIG. 4) or off the processor module 425-a.

The DTX UL parameter module 510 may store, access,
identily, and/or generate common timing parameters to be
used for concurrent discontinuous uplink transmissions from
wireless carriers from an AT (e.g., AT 115 of FIG. 1). These
common timing parameters can be applied to a wider set of
ATs, as well. The DTX UL state assignment module 505 may
store, access, 1dentily, and/or cause uplink transmissions to be
performed from the AT on a first carrier in a first operational
state (e. 2., enabling a data transmitting state). The DTX UL
state assignment module 505 may store, access, identily, and/
or cause uplink transmissions to be performed from the AT on
a second carrier 1n a second operational state (e.g., a discon-
tinued data transmission state, or a periodic burst state during,
an active data transmission period). The scheduler module
515 may store, access, identily, and/or generate signal quality
data for the various carriers, scheduling and grant informa-
tion, and configuration data for different operational states
related to discontinuous uplink transmissions from the AT.
The processor module 425-a may trigger or otherwise cause
the operational state schedule information, common timing,
parameters, or other iformation from the BSC 120 to be
transmitted to an AT.

Referring next to FIG. 6, a block diagram illustrates an
example of data that may be stored in a memory 600. The
memory 600 may, for example, be the memory 215 of FIG. 2
or the memory 4135 of FIG. 4, and may include random access
memory (RAM) and read-only memory (ROM). The memory
600 includes DTX uplink state machines 605 and common
timing parameters 610. In the illustrated example, the com-
mon timing parameters 610 include burst duration data 615,
burst preamble length data 620, duration between bursts—
mactivity level 1 data 625, duration between bursts—inactiv-
ity level 2 data 630, threshold between—inactivity levels 1 &
2 data 635, and DTX/DRX offset data 640.

The data stored 1n memory 600 may be computer-readable,
computer-executable soitware code contaiming instructions
that are configured to, when executed, cause a processor to
perform various functions described herein. Alternatively, the
soltware may not be directly executable by the processor 225
but configured to cause a computer, e.g., when compiled and
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executed, to perform the functions. In other examples, the
data may 1dentily operating states and common timing
parameters for one or more Al”s, and thus the data need not
include executable instructions.

DTX uplink state machines 6035 may control and/or 1den-
tify operational states to be used for two or more carriers used
for transmission from an AT (e.g., AT 115 of FIG. 1). For each
AT, DTX uplink state machines 605 may 1dentily a first opera-
tional state for a first carrier and a different operational state
for a second carrier. In other examples, there may be addi-
tional carriers, and the operational states for each carrier may
be independent, or the operational states for some carriers
may move 1n lock step. In some examples, a first carrier
operates 1n a data transmitting state while a second operates 1n
a discontinued data transmission state. In other examples, a
first carrier operates 1n a data transmitting state while a second
carrier operates 1n a periodic burst state during an 1nactive
data transmission period. In still other examples, a first carrier
operates 1n a discontinued transmission state associated with
a first mactivity level while a second carrier operates 1n a
discontinued transmission state associated with a second
mactivity level. DTX uplink state machines 605 may have
various 1mputs which control the operational state (e.g., state
may be controlled based on signal quality for a given carrier,
traffic on a given carrier, scheduling information received
from a BSC, and/or the amount of data to be transmitted from
an AT).

Common timing parameters 610 may be stored to be used
by each carrier transmitting from an AT. Common timing
parameters 610 include timing parameters related to various
stages of discontinuous uplink transmissions. When a par-
ticular carrier 1s operating 1n a discontinuous mode, bursts
may continue to be transmitted. The burst duration data 6135
may specily a same burst length for each carrier for burst
transmissions during an inactive data transmission period.
The burst preamble length data 620 may specily a same burst
preamble length for each carrier for burst transmissions dur-
ing an 1nactive data transmission period. In some examples,
the duration between bursts may vary depending upon how
long the carrier has been mactive (i.e., not transmitting data).
Thus, the duration between bursts—inactivity level 1 data
625 may specily a standard duration between bursts for all
carriers during a {first inactivity level. And the duration
between bursts—inactivity level 2 data 630 may specily a
standard duration between bursts for all carriers during a
second inactivity level. The threshold between—inactivity
levels 1 & 2 data 635 may specily a standard threshold
between mactivity level 1 and 2 (note that in other examples,
there may be additional mactivity levels (e.g., three or four
mactivity levels). The DTX/DRX offset data 640 may specily
that a same ofiset between discontinuous transmission and
discontinuous reception be used for all uplink carries. These
common timing parameters 610 are examples, and in other
examples more, or fewer, timing parameters 610 may be
shared. For example, burst duration or duration between
bursts may be managed on a per-carrier basis in other
examples.

The uplink carrier management described above may be
used for DC-HSUPA (Dual-carner—High Speed Uplink
Packet Access) systems. Although not discussed 1n detail
above, carriers may be selected for operational modes using a
variety of criteria. As one example, where uplink interference
1s problematic for nearby ATl's, an uplink mode that mitigates
uplink interference may be selected. As another example,
where excessive power consumption 1s problematic for the
AT, an uplink carrier management mode minimizing AT
power consumption can be employed. A carrier may also be




US 9,084,261 B2

13

selected by i1dentifying the carrier with the better uplink
power. Various hysteresis processes may be used to provide
for stability. It should be appreciated that the subject disclo-
sure 1s not limited to the foregoing examples, however.

As described above, respective uplink carriers may be
operated at least 1n part independently, as they can concur-
rently operate 1n different operational states. For
DC-HSUPA, enhanced dedicated channel (E-DCH) trans-
mission conditions can be configured separately for each
uplink carrier, and for DC-HSUPA. However, parameteriza-
tion can be the same across the multiple uplink carriers. Table
1 sets forth an example for DC-HSUPA, wherein the param-
cters listed 1n the first column (on the left) are shared across
cach carrier of an AT (e.g., the AT 115 of FIG. 1), while each
carrier 1s operating in different operational modes. The sec-
ond column sets forth the applicable units of measure, and the
third column 1dentifies the values/value ranges for the param-
cters that may be the same across carriers:

TABLE 1
UE_DTX_ cycle 1 subirames
UE_DTX_ cycle_ 2 subframes
UE__DRX__cycle subirames
UE_DTX DRX offset subirames

Inactivity_ threshold_for UE DTX_ cycle. 2 E-DCH TTIs
Default SG in DTX Cycle 2 (0...37)=E-DCH serving
grant index: 38 means zero

grant.
Inactivity_ threshold_ for UE_DRX_ cycle subirames
UE__DTX_ long preamble slots
UE__DPCCH_ burst_1 subirames
UE__DPCCH_ burst_ 2 subframes
Uplink DPCCH slot format information Enumerated
CPC Enabling Delay Radio Frames

Referring to specific common timing parameters of Table
1, the UE_DTX cycle 1 and UE_DTX cycle 2 param-
eters determine the Uplink DPCCH burst pattern. UE_DTX _
cycle_ 1 may bethe duration between bursts—inactivity level
1 625 parameter from FIG. 6, and the UE_DTX cycle 2

may be the duration between bursts—inactivity level 2 630
parameter from FIG. 6.

The Inactivity_threshold _for UE_DTX_cycle_ 2 defines
a number of consecutive E-DCH TTIs without an E-DCH
transmission, after which the AT 115 shall immediately move

from UE_DTX cycle 1 to using UE_DTX _cycle 2. The
Inactivity_threshold_for_ UE_DTX_cycle 2 parameter may

be the threshold between—inactivity levels 1 & 2 635 param-

eter from FIG. 6.
The UE_DTX_ long preamble determines in slots the

length of the preamble associated with the UE_DTX_cycle
2. The UE_DTX _long preamble may be the burst preamble
length 620 parameter from FIG. 6. UE_DPCCH_burst_ 1

determines the Uplink DPCCH burst length in subirames,
when UE_DTX cycle 1 1s applied, and UE_DPCCH_
burst_ 2 determines the Uplink DPCCH burst length 1n sub-
frames, when UE_DTX_cycle_ 2 1s applied. UE_DPCCH_
burst_1 and UE_DPCCH_burst 2 may, individually or col-

lectively, be the burst duration 615 parameter from FIG. 6.
UE_DTX_ DRX_offset determines the Uplink DPCCH

burst pattern and HS-SCCH reception pattern offset in sub-

frames. The UE_DTX_ DRX_offset may be the DTX/DRX
offset 640 parameter of FIG. 6. Those skilled 1n the art will
recognize the remainder of the common timing parameters
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set forth 1n Table 1 above, and note that they may be the same
across carriers. In some examples, fewer than all of the com-
mon timing parameters set forth 1 Table 1 are shared across
carriers, while 1n other examples additional common timing
parameters not set forth in Table 1 are shared across carriers.

Common timing parameters may, therefore, specily a same
burst and preamble length for each carrier for burst transmis-
s1ons during an mactive data transmission period. These same
burst and preamble lengths may differ for different inactivity
levels. Common timing parameters may specily a same dura-
tion between bursts; this duration may be set differently at
different nactivity levels. Common timing parameters may
specily a standard threshold between inactivity levels, as
well.

FIG. 7 1s a flowchart of a method 700 for discontinuous
uplink transmissions. The method 700 may be performed, for
example, in whole or 1n part, by the AT 115 of FIG. 1 or 2, or
more specifically, by the processor module 225 of FIG. 2 or 3.

(1,4,5,8,10, 16, 20) 2 ms
(1,5, 10, 20) 10 ms

(4,5,8,10, 16, 20, 32, 40, 64,

R0, 128, 160) 2 ms
(5,10, 20, 40, 80, 160) 10 ms
(4,5, 8,10, 16, 20)

0

... 159

(1,4,8,16,32, 64, 128, 256)
(0 ...37.38)

(0,1,2,4,8, 16,32, 64, 128,
256, 512)
(2,4, 15)

(

,2,5)

(
(1,3,4)
0

., 2,5)

1,24, 8,16, 32, 64, 128

Themethod 700 may be performed, 1n whole or in part, by the
BSC 120 of FIG. 1 or 4, the processor module 4235 of FIG. 4
or 5, or the BTS 105 of FIG. 1.

At stage 705, common timing parameters are established
for concurrent discontinuous uplink transmissions on each of
a number of wireless carriers from an access terminal. At
stage 710, a first operational state 1s 1dentified for a first one of
the wireless carriers. At stage 715, a second operational state,
different from the first operational state, 1s 1dentified for a
second one of the wireless carriers, wherein the first opera-
tional state and the second operational state operate concur-
rently on each respective carrier.

FIG. 8 15 a flowchart of a method 800 for management of
multi-carrier discontinuous uplink transmissions. The
method 800 may be performed, for example, in whole or in
part, by the AT 115 of FIG. 1 or 2, or more specifically, by the
processor module 2235 of FIG. 2 or 3. One or more aspects of
the method 800 may be performed, 1n whole or 1n part, by the

BSC 120 of FIG. 1 or 4, the processor module 425 of FIG. 4
or 5, or the BTS 105 of FIG. 1.

At stage 805, common timing parameters are identified for
discontinuous uplink transmissions on a number of wireless
carriers usable for concurrent transmissions from an access
terminal. At stage 810, a first operational state 1s identified for
a lirst one of the wireless carriers. At stage 815, a second
operational state, different from the first operational state, 1s
identified for a second one of the wireless carriers. At stage
820, the first carrier 1s caused to be operated in the first
operational state 1 accordance with the common timing
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parameters. At stage 825, the second carrier 1s caused to be
operated 1n the second operational state 1n accordance with
the common timing parameters, the second carrier operated in
the second operational state concurrently with the first carrier
being operated 1n the first operational state.

FI1G. 9 1s a flowchart of a method 900 for management of
multi-carrier discontinuous uplink transmissions irom an
access terminal. The method 900 may be performed, for
example, in whole or 1n part, by the AT 115 of FIG. 1 or 2, or
more specifically, by the processor module 225 of FIG. 2 or 3.

At stage 905, common timing parameters are recerved for
discontinuous uplink transmissions on two wireless carriers
usable for concurrent transmissions from an access terminal,
the common timing parameters including a burst size and an
interval between bursts. At stage 910, schedule information
related to the operational state 1s recerved to be applied to each
of the wireless carriers over a defined duration of time. At
stage 915, the operational state to be applied to each of the
wireless carriers 1s 1dentified 1n accordance with the schedule
information.

At stage 920, the first carrier 1s operated for a portion of the
defined time duration 1n a data transmitting state 1n accor-
dance with the common timing parameters and the schedule
information. At stage 925, the second carrier 1s operated for
the portion of the defined time duration in a periodic burst
state during an inactive data transmission period, in accor-
dance with the common timing parameters and the schedule
information.

UMTS Description

Further described herein with reference to FIGS. 10-14 1s
an example of a radio network 1000 (which may be the
system 100 of FI1G. 1) operating according to UMTS 1n which
the principles of the disclosure may be applied. Turning first
to FIG. 10, Node Bs 1005 (which may be the BTSs 105 of
FIG. 1) and radio network controllers (RNCs) 1020 (which
may be the BSCs 120 of FIG. 1 or 4) are parts of the radio
network 1000. The radio network may be a UMTS Terrestrial
Radio Access Network (UTRAN). A UMTS Terrestrial Radio
Access Network (UTRAN) 1s a collective term for the Node
Bs 1005 (or base stations) and the control equipment for the
Node Bs 1005 (or RNC 1020) it contains which make up the
UMTS radio access network. This 1s a 3 G communications
network which can carry both real-time circuit switched and
IP-based packet-switched traffic types. The UTRAN pro-
vides an air mterface access method for the user equipment
(UE) 1015 (which may be the ATs 115 of FIG. 1 or 2).
Connectivity 1s provided between the UE 1015 and the core
network 1025 by the UTRAN. The radio network 1000 may
transport data packets between multiple UEs 1015.

The UTRAN 1s connected internally or externally to other
functional entities by four interfaces: Iu, Uu, Iub and Iur. The
UTRAN 1s attached to a GSM core network 10235 via an
external interface called Iu. RNCs 1020 support this interface.
In addition, the RNCs 1020 manage a set of base stations
called Node Bs 1005, through intertaces labeled Iub. The Iur
interface connects the two RNCs 1020-a, 1020-5 with each
other. The UTRAN 1s largely autonomous from the core
network 1025 since the RNCs 1020 are interconnected by the
Iur mterface. FIG. 10 discloses a communication system
which uses the RNC 1020, the Node Bs 1005 and the Iu and
Uu mterfaces. The Uu 1s also external and connects the Node
Bs 1005 with the UE 1015, while the Iub 1s an internal
interface connecting the RNCs 1020 with the Node Bs 1005.

The radio network 1000 may be further connected to addi-
tional networks outside the radio network 1000, such as a
corporate intranet, the Internet, or a conventional public
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switched telephone network as stated above, and may trans-
port data packets between each UE device 1015 and such
outside networks.

FIG. 11 illustrates selected components of a communica-
tion network 1100. Communication network 1100 includes

RNCs 1020 coupled to Node Bs 1005. As noted above, Node
Bs 1005 may be the BTSs 105 of FIG. 1, and RNCs 1020 may
be the BSCs 120 of FIG. 1 or 4. The Node Bs 1005 commu-
nicate with UEs 1015 through corresponding wireless con-
nections 1135, 1140, 1145, 1150. As described above, a com-
munications channel includes a forward link (FL) (also
known as a downlink) 1135 for transmissions from the Node
Bs 1005 to the UE 1015, and a reverse link (RL) (also known
as an uplink) 1140 for transmissions from the UE 1015 to the
Node Bs 1005. Much of the functionality described through-
out the disclosure relates to discontinuous transmissions on
the uplink. The RNCs 1020 provide control functionalities for
one or more Node Bs 1005, The RNCs 1020 are coupled to a
public switched telephone network (PSTN) 1105 through
mobile switching centers (MSC) 1110. In another example,
the RNCs 1020 are coupled to a packet switched network
(PSN) (not shown) through a packet data server node (PDSN)
(not shown). Data interchange between various network ele-
ments, such as the RNCs 1020 and a packet data server node,
can be implemented using any number of protocols, for
example, the Internet Protocol (IP), an asynchronous transier
mode (ATM) protocol, T1, E1, frame relay, or other proto-
cols.

Each RNC 1020 fills multiple roles. First, it may control the
admission of new UEs 1015 or services attempting to use the
Node B 1005. Second, from the Node B 1005, or base station,
point of view, the RNC 1020 1s a controlling RNC 1020.
Controlling admission ensures that UEs 1015 are allocated
radio resources (bandwidth and signal/noise ratio) up to what
the network has available. The RNC 1020 1s where the Node
B’s Iub interface terminates. From the UE 1015 point of view,
the RNC 1020 acts as a serving RNC 1020 1n which 1t termi-
nates the UE’s 1015 link layer commumnications. From a core
network point of view, the serving RNC 1020 terminates the
Iu for the UE 1015. The serving RNC 1020 also controls the
admission of new UEs 1015 or services attempting to use the
core network over 1ts Iu interface.

For an air intertace, UMTS most commonly uses a wide-
band spread-spectrum mobile air interface known as Wide-
band Code Division Multiple Access (or W-CDMA).
W-CDMA uses a direct sequence code division multiple
access signaling method (or CDMA) to separate users.
W-CDMA 15 a third generation standard for mobile commu-
nications. W-CDMA evolved from GSM (Global System for
Mobile Communications)/GPRS a second generation stan-
dard, which 1s oriented to voice communications with limited
data capability. The first commercial deployments of
W-CDMA are based on a version of the standards called
W-CDMA Release 99.

The Release 99 specification defines two techniques to
enable uplink packet data. Most commonly, data transmission
1s supported using either the Dedicated Channel (DCH) or the
Random Access Channel (RACH). However, the DCH 1s the
primary channel for support of packet data services. Each UE
1015 uses an orthogonal varniable spreading factor (OVSFE)
code. An OVSF code 1s an orthogonal code that facilitates
umiquely identifying individual communication channels. In
addition, micro diversity 1s supported using soit handover and
closed loop power control 1s employed with the DCH.

Pseudorandom noise (PN) sequences are commonly used
in CDMA systems for spreading transmitted data, including
transmitted pilot signals. The time required to transmit a
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single value of the PN sequence 1s known as a chip, and the
rate at which the chips vary 1s known as the chip rate. Inherent
in the design of direct sequence CDMA systems 1s that a
receiver aligns 1ts PN sequences to those of the Node Bs 1005.
Some systems, such as those defined by the W-CDMA stan-
dard, differentiate Node Bs 1005 using a unique PN code for
cach, known as a primary scrambling code. The W-CDMA
standard defines two Gold code sequences for scrambling the
downlink, one for the in-phase component (1) and another for
the quadrature (Q). The I and Q PN sequences together are
broadcast throughout the cell without data modulation. This
broadcast 1s referred to as the common pilot channel
(CPICH). The PN sequences generated are truncated to a
length o1 38,400 chips. The period of 38,400 chips 1s referred
to as a radio frame. Each radio frame 1s divided into 135 equal
sections referred to as slots. W-CDMA Node Bs 1005 operate
asynchronously 1n relation to each other, so knowledge of the
frame timing ol one Node B 1005 does not translate into
knowledge of the frame timing of any other Node B 10035. In
order to acquire this knowledge, W-CDMA systems use syn-
chronization channels and a cell searching technique.

3GPP Release 5 and later supports High-Speed Downlink
Packet Access (HSDPA). 3GPP Release 6 and later supports
High-Speed Uplink Packet Access (HSUPA). HSDPA and
HSUPA are sets of channels and procedures that enable high-
speed packet data transmission on the downlink and uplink,
respectively. Release 7 HSPA+ uses three enhancements to
improve data rate. First, 1t introduced support for 2x2 MIMO
on the downlink. With MIMO, the peak data rate supported on
the downlink 1s 28 Mbps. Second, higher order modulation 1s
introduced on the downlink. The use of 64 QAM on the
downlink allows peak data rates of 21 Mbps. Third, higher
order modulation 1s introduced on the uplink. The use of 16
QAM on the uplink allows peak data rates of 11 Mbps.

In HSUPA, the Node B 1005 allows several UEs 1015 to
transmit at a certain power level at the same time. These
grants are assigned to users by using a fast scheduling algo-
rithm that allocates the resources on a short-term basis (every
tens of ms). The rapid scheduling of HSUPA 1s well suited to
the bursty nature of packet data. During periods of high activ-
ity, a user may get a larger percentage of the available
resources, while getting little or no bandwidth during periods

of low activity.

In 3GPP Release 5 HSDPA, a Node B 1005 of an access
network sends downlink payload data to UEs 1015 on High
Speed Downlink Shared Channel (HS-DSCH), and the con-
trol information associated with the downlink data on High
Speed Shared Control Channel (HS-SCCH). There are 2356
Orthogonal Variable Spreading Factor (OVSFEF or Walsh)
codes used for data transmission. In HSDPA systems, these
codes are partitioned into release 1999 (legacy system) codes
that are typically used for cellular telephony (voice), and
HSDPA codes that are used for data services. For each trans-
mission time nterval (TTI), the dedicated control informa-
tion sent to an HSDPA-enabled UE 10135 indicates to the
device which codes within the code space will be used to send
downlink payload data (data other than control data of the
radio network) to the device, and the modulation that will be
used for transmission of the downlink payload data.

With HSDPA operation, downlink transmissions to the
UEs 1015 may be scheduled for different transmission time
intervals using the 15 available HSDPA OVSF codes. For a
given 111, each UE 1015 may be using one or more of the 15
HSDPA codes, depending on the downlink bandwidth allo-
cated to the device during the TT1.

In a MIMO system, there are N (# of transmitter antennas)
by M (# of receiver antennas) signal paths from the transmit
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and the receirve antennas, and the signals on these paths are
not identical. MIMO creates multiple data transmission
pipes. The pipes are orthogonal in the space-time domain.
The number of pipes equals the rank of the system. Since
these pipes are orthogonal in the space-time domain, they
create little interference with each other. The data pipes are
realized with proper digital signal processing by properly
combining signals on the NxM paths. A transmission pipe
does not correspond to an antenna transmission chain or any
one particular transmission path.

Communication systems may use a single carrier ire-
quency or multiple carrier frequencies. Each link may incor-
porate a different number of carrier frequencies. Further-
more, a UE 1015 may be any data device that communicates
through a wireless channel or through a wired channel, for
example using fiber optic or coaxial cables. A UE 1015 may
be any of a number of types of devices including but not
limited to PC card, compact flash, external or internal
modem, or wireless or wireline phone.

UE 10135 that has established an active traific channel con-
nection with one or more Node Bs 1005 is called active UE
1015, and 1s said to be 1n a traffic state. UE 1015 that 1s 1in the
process of establishing an active tratfic channel connection
with one or more Node Bs 1005 1s said to be 1n a connection
setup state. The communication link through which the UE
1015 sends signals to the Node Bs 1005 1s called an uplink
1035. The communication link through which Node Bs 1005
send signals to a UE 1015 1s called a downlink 1040.

FIG. 12 1s detailed herein below, and provides an example
wherein a Node B 1005-d (which may be a BTS 105 of FIG.
1) and RNC 1020-g (which may be the BSC 120 of FIG. 1 or
4) are 1in commumcation with a packet network interface
1230. (In FI1G. 12, only one of the Node Bs 1005 and only one
RINC 1020 1s shown for simplicity). The Node B 1005-4 and
RNC 1020-g may be part of a radio network 1030-a, shown 1n
FIG. 12 as a dotted line surrounding one or more Node Bs
1005 and the RNC 1020. The associated quantity of data to be
transmitted 1s retrieved from a data queue 1205 1n the Node B
1005-d and provided to the channel element 1210 for trans-
mission to the UE 1015 associated with the data queue 1205.

The RNC 1020-g interfaces with the Public Switched Tele-
phone Network (PSTN) 1105-a through a mobile switching
center 1110-a. Also, RNC 1020-g interfaces with Node Bs
1005 1n the radio network 1000 (only one Node B 1005 1s
shown in F1G. 12 for simplicity). In addition, the RNC 1020-¢
interfaces with a packet network interface 1230. The RNC
1020-g coordinates the communication between the UE 1015
in the radio network 1000 and other users connected to packet
network interface 1230 and PSTN 1105-a. The PSTN 1105-a

interfaces with users through a standard telephone network
(not shown 1n FIG. 12).

The RNC 1020-g contains many selector elements 1235,
although only one 1s shown 1n FIG. 12 for simplicity. Each
selector element 1235 1s assigned to control communication
between one or more Node Bs 1005 and one UE 1015 (not
shown). I the selector element 1235 has not been assigned to
a given UE 10135, a call control processor 1240 1s informed of
the desire to page the UE 1015. The call control processor
1240 directs the Node B 1005-d to page the UE 1015.

Data source 1245 contains a quantity of data which 1s to be
transmitted to a given UE 1013, The data source 1245 pro-
vides the data to the packet network interface 1230. The
packetnetwork interface 1230 recerves the data and routes the
data to the selector element 1235. The selector element 1235
transmits the data to the Node B 1005-d 1n communication

with the target UE 1015. In the exemplary example, each
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Node B 1005 maintains a data queue 1205 which stores the
data to be transmitted to the UE 1015.

For each data packet, a channel element 1210 inserts the
necessary control fields. The channel element 1210 performs
a cyclic redundancy check, CRC, encoding of the data packet
and control fields and inserts a set of code tail bits. The data
packet, control fields, CRC parity bits, and code tail bits
comprise a formatted packet. The channel element 1210
encodes the formatted packet and interleaves (or reorders) the
symbols within the encoded packet. The interleaved packet s
covered with a Walsh code, and spread with the short PNI and
PNQ codes. The spread data 1s provided to RF unit 1220
which quadrature modulates, filters, and amplifies the signal.
The downlink signal 1s transmitted over the air through an
antenna to the downlink. The memory 1255 of Node B 1005-4
may 1nclude random access memory (RAM) and read-only
memory (ROM). The control unit 1250 may be an intelligent
hardware device, €.g., a central processing unit (CPU) such as
those made by Intel® Corporation or AMD®, a microcon-
troller, an application specific integrated circuit (ASIC), eftc.
The Node B 1005-d may store, e.g., 1n the memory 1255,
computer-readable, computer-executable software code 12135
containing 1nstructions that are configured to, when executed,
cause the control unit 1250 to perform Node B functionality
described herein.

At the UE 1015, the downlink signal 1s received by an
antenna and routed to a recerver. The receiver filters, ampli-
fies, quadrature demodulates, and quantizes the signal. The
digitized signal 1s provided to a demodulator (DEMOD)
where the digitized signal 1s despread with the short PNI and
PNQ codes and decovered with the Walsh cover. The
demodulated data 1s provided to a decoder which performs
the mmverse of the signal processing functions done at the

Node B 1005-d, specifically the de-interleaving, decoding,
and CRC check functions. The decoded data 1s provided to a

data sink.

FIG. 13 illustrates an example 1300 of a user equipment
(UE) 1015-f 1n which the UE 1015-f includes transmit cir-
cuitry 1305 (including PA 1310), recerve circuitry 1315,
power controller 1320, decode processor 1325, a processing,
unit 1330 for use 1n processing signals, memory 1335, and

one or more antennas. The UE 1015-f may be an example of

the AT 115 described with reference to FIG. 1 or 2. The
transmit circuitry 1305 and the receive circuitry 1315 may
allow transmission and reception of data, such as audio com-
munications, between the UE 1015-f and a remote location.
The transmit circuitry 1305 and receive circuitry 13135 are
coupled to an antenna(s) 1345.

The processing unit 1330 controls operation of the UE
1015. The processing unit 1330 may also be referred to as a
CPU. The memory 1335, which may include both read-only
memory (ROM) and random access memory (RAM), pro-
vides instructions and data to the processing unit 1330. A
portion of the memory 1335 may also include non-volatile
random access memory (NVRAM).

The various components of the UE 1015 are coupled
together by a bus system 1350 which may include a power
bus, a control signal bus, and a status signal bus 1n addition to
a data bus. For the sake of clarity, the various busses are
illustrated in FIG. 13 as the bus system 1350.

The steps of the methods discussed may also be stored as

instructions in the form of software or firmware 1340 located
in the memory 1335 in the Node B 103, as shown in FIG. 3.

These instructions may be executed by the control unit 350 of

Node B 105 in FIG. 3. Alternatively, or in conjunction, the
steps of the methods discussed may be stored as instructions
in the form of software or firmware 1340 located in the
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memory 1335 1n the UE 1015. These instructions may be
executed by the processing unit 1330 of the UE 1015 1n FIG.

13.

FIG. 14 1llustrates an example functional block flow dia-
gram 1400 for a transmission from a UE 1015. A data source
1405 provides data d(t) 1406 to an FQI/encoder 1410. The
FQIl/encoder 1410 may append a frame quality indicator
(FQI) such as a cyclic redundancy check (CRC) to the data
d(t) 1406. The FQI/encoder 1410 may further encode the data
and FQI using one or more coding schemes to provide
encoded symbols 1411. Each coding scheme may include one
or more types of coding, e.g., convolutional coding, Turbo
coding, block coding, repetition coding, other types of cod-
ing, or no coding at all. Other coding schemes may include
automatic repeat request (ARQ), hybrnid ARQ (H-ARQ), and
incremental redundancy repeat techniques. Ditferent types of
data may be encoded with different coding schemes.

An nterleaver 14135 interleaves the encoded data symbols
1411 1n time to combat fading, and generates symbols 1416.
The interleaved symbols of signal 1416 may be mapped by a
frame format block 1420 to a pre-defined frame format to
produce a frame 1421. A frame format may specily the frame
as being composed of a plurality of sub-segments. Sub-seg-
ments may be any successive portions of a frame along a
given dimension, €.g., time, frequency, code, or any other
dimension. A frame may be composed of a fixed plurality of
such sub-segments, each sub-segment containing a portion of
the total number of symbols allocated to the frame. For
example, according to the W-CDMA standard, a sub-segment
may be defined as a slot. According to the cdma2000 stan-
dard, a sub-segment may be defined as a power control group
(PCG). In one example, the interleaved symbols 1416 are
segmented into a plurality S of sub-segments making up a
frame 1421.

A frame format may further specily the inclusion of, e.g.,
control symbols (not shown) along with the interleaved sym-
bols 1416. Such control symbols may include, e.g., power
control symbols, frame format information symbols, etc.

A modulator 1425 modulates the frame 1421 to generate
modulated data 1426. Examples of modulation techniques
include binary phase shift keying (BPSK) and quadrature
phase shift keying (QPSK). The modulator 1425 may also
repeat a sequence of modulated data.

A baseband-to-radio-frequency (RF) conversion block
1430 may convert the modulated signal 1426 to RF signals for
transmission via one or more antenna(s) 1435 as signal 1436
over a wireless communication link to one or more Node Bs
1005.

Considerations Regarding the Description

The detailed description set forth above 1n connection with
the appended drawings describes exemplary examples and
does not represent the only examples that may be 1mple-
mented or that are within the scope of the claims. The term
“exemplary” used throughout this description means “serv-
ing as an example, mstance, or illustration,” and not “pre-
terred” or “advantageous over other examples.” The detailed
description ncludes specific details for the purpose of pro-
viding a thorough understanding of the described techniques.
These techniques, however, may be practiced without these
specific details. In some instances, well-known structures and
devices are shown in block diagram form 1n order to avoid
obscuring the concepts of the described examples.

Information and signals may be represented using any of a
variety of different technologies and techmiques. For
example, data, istructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
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rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

The wvarious 1illustrative blocks, servers, and modules
described 1n connection with the disclosure herein may be
implemented or performed with a general-purpose processor,
a digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but 1n the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of computing devices, e.g., a combination of a DSP
and a microprocessor, multiple microprocessors, one or more
microprocessors i conjunction with a DSP core, or any other
such configuration.

The functions described herein may be implemented in
hardware, software executed by a processor, firmware, or any
combination thereof. IT implemented 1n soitware executed by
a processor, the functions may be stored on or transmitted
over as one or more istructions or code on a computer-
readable medium. Computer-readable media includes both
computer storage media and communication media including
any medium that facilitates transfer of a computer program
from one place to another. A storage medium may be any
available medium that can be accessed by a general purpose
or special purpose computer. By way of example, and not
limitation, computer-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium that can be used to carry or store desired
program code means 1n the form of mnstructions or data struc-
tures and that can be accessed by a general-purpose or spe-
cial-purpose computer, or a general-purpose or special-pur-
pose processor. Also, any connection 1s properly termed a
computer-readable medium. For example, 11 the software 1s
transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as inira-
red, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included 1n the definition
of medium. Disk and disc, as used herein, include compact
disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers. Combinations of the above are also included
within the scope of computer-readable media.

The previous description of the disclosure 1s provided to
enable a person skilled 1n the art to make or use the disclosure.
Various modifications to the disclosure will be readily appar-
ent to those skilled in the art, and the generic principles
defined herein may be applied to other variations without
departing from the spirit or scope of the disclosure. Through-
out this disclosure the term “example” or “exemplary” indi-
cates a example or instance and does not imply or require any
preference for the noted example. Thus, the disclosure 1s not
to be limited to the examples and designs described herein but
1s to be accorded the widest scope consistent with the prin-
ciples and novel features disclosed herein.

What is claimed 1s:

1. An access terminal of a wireless communication system,
the access terminal comprising:

one or more antennas configured to transmit and receive

wireless communications;
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a transcerver coupled with the antenna;

a memory storing data identifying common timing param-
eters for discontinuous uplink transmissions on each of
a plurality of wireless carriers usable for concurrent
transmissions from the access terminal; and

a processor coupled with the transcerver and the memory,

the processor comprising a plurality of state control
hardware modules within the access terminal, wherein
cach of the plurality of state control hardware modules
within the access terminal 1s operable to run concur-
rently on a corresponding one of the plurality of wireless
carriers, and the processor being configured to:
identify by a first of the plurality of state control hard-
ware modules within the access terminal, a first opera-
tional state to be associated with a first carrier of the
plurality of wireless carriers;
identify by a second of the plurality of state control
hardware modules within the access terminal, a sec-

ond operational state, different from the first opera-
tional state, to be associated with a second carrier of
the plurality of wireless carriers;

cause the transceiver, in accordance with the common
timing parameters, to operate concurrently on the first
carrier by the first of the plurality of state control
hardware modules within the access terminal 1n the
first operational state, in accordance with the common
timing parameters utilized by the first carrier, and on
the second carrier by the second of the plurality of
state control hardware modules within the access ter-
minal 1n the second operational state different from
the first operational state, 1n accordance with the com-
mon timing parameters utilized by the second carrier;

receive schedule information for the first operational
state on the first carrier at the access terminal; and

receive schedule information for the second operational
state on the second carrier at the access terminal.

2. The access terminal of claim 1 wherein,

the first operational state comprises a data transmitting

state; and

the second operational state comprises a periodic burst

state during an 1nactive data transmission period.
3. The access terminal of claim 1 wherein,
the first operational state comprises a first periodic burst
state during an inactive data transmission period; and

the second operational state comprises a second periodic
burst state during an inactive data transmission period,
wherein there 1s a longer duration between bursts 1n the
second periodic burst state than the first periodic burst
state.

4. The access terminal of claim 1 wherein the common
timing parameters comprise a same burst length for burst
transmission during an inactive data transmission period.

5. The access terminal of claim 1 wheremn the common
timing parameters comprise a same time between bursts dur-
ing an iactive data transmission period.

6. The access terminal of claim 1 wherein the common
timing parameters comprise:

a same first time between bursts during a first inactive data

transmission period; and

a same second time, longer than the first time, between

bursts during a second 1nactive data transmission period,
the second inactive period occurring for a respective
carrier when an 1nactivity timer exceeds a threshold.

7. The access terminal of claim 6 wherein the common
timing parameters comprise the threshold, the threshold com-
prising a same 1nactivity threshold.
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8. The access terminal of claim 1 wherein the first opera-
tional state and the second operational state have a common
and synchronized transmit timing interval.
9. The access terminal of claim 1 wherein the first carrier
and the second carrier comprise adjacent carriers.
10. The access terminal of claim 1 wherein the processor 1s
turther configured to:
identify the second operational state to be associated with
a third carrier of the plurality of wireless carriers; and

cause the transceiver to operate on the third carrier 1n the
second operational state 1n accordance with the common
timing parameters.

11. The access terminal of claim 10 wherein the processor
1s configured to cause the transceiver to operate concurrently
on the second carrier 1n the second operational state and the
third carrier 1n the second operational state, wherein the sec-
ond carrier and the third carrier have a common and synchro-
nized transmit timing interval.

12. An access terminal for discontinuous uplink transmis-
sions on a plurality of wireless carriers, the access terminal
comprising;

first means within the access terminal for identifying com-

mon timing parameters to be used for discontinuous
uplink transmissions on each of a plurality of wireless
carriers usable for concurrent transmissions ifrom the
access terminal;

second means within the access terminal for identifying a

first operational state to be associated with a first carrier
of the plurality of wireless carriers; and

third means within the access terminal different from said

second means within the access terminal for 1dentifying,
a second operational state, different from the first opera-
tional state, to be associated with a second carrier of the
plurality of wireless carriers, wherein the second means
and the third means within the access terminal are oper-
able to run concurrently on a corresponding one of the
plurality of wireless carriers,

wherein the second means within the access terminal 1s for

causing the first carrier to be operated 1n the first opera-
tional state in accordance with the common timing
parameters,

wherein the third means within the access terminal 1s for

causing the second carrier to be operated 1n the second
operational state 1n accordance with the common timing
parameters,
wherein the second carrier 1s operated by the third means
within the access terminal 1n the second operational state
different from the first operational state, in accordance
with the common timing parameters utilized by the sec-
ond carrier, concurrently with the first carrier being
operated by the second means within the access terminal
in the first operational state, 1n accordance with the
common timing parameters utilized by the first carrier,

wherein the third means recerves by the access terminal,
schedule information for the first operational state on the
first carrier at the access terminal; and

wherein the third means receives by the access terminal

schedule information for the second operational state on
the second carrier at the access terminal.

13. The access terminal of claim 12 wherein,

the first operational state comprises a data transmitting

state; and

the second operational state comprises a periodic burst

state during an inactive data transmission period on the
second carrier.
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14. The access terminal of claim 12 wherein the first opera-
tional state and the second operational state have a common
transmit timing interval.

15. A non-transitory computer-readable medium compris-
ing code configured to cause a processor 1n an access terminal
to:

1dentily common timing parameters to be used for discon-
tinuous uplink transmissions on each of a plurality of
wireless carriers usable for concurrent transmissions
from the access terminal;

identily by a first state control module within the access
terminal, a first operational state to be associated with a
first carrier of the plurality of wireless carriers;

identily by a second state control module within the access
terminal different from said first state control module
within the access terminal, a second operational state,
different from the first operational state, to be associated
with a second carrier of the plurality of wireless carriers,
wherein the first state control hardware module and the
second state control hardware module within the access
terminal are operable to run concurrently on a corre-
sponding one of the plurality of wireless carriers;

cause the first carrier to be operated by the first state control
module within the access terminal, 1n the first opera-
tional state in accordance with the common timing
parameters; and

cause the second carrier to be operated by the second state
control module within the access terminal, in the second
operational state 1n accordance with the common timing
parameters,
wherein the second carrier 1s operated by the second

state control module within the access terminal, in the
second operational state different from the first opera-
tional state, 1n accordance with the common timing
parameters utilized by the second carrier, concur-
rently with the first carrier being operated by the first
state control module within the access terminal, in the
first operational state, 1n accordance with the common
timing parameters utilized by the first carrier;

recerve schedule mnformation for the first operational state

on the first carrier at the access terminal; and

recerve schedule information for the second operational
state on the second carrier at the access terminal.

16. The non-transitory computer-readable medium of
claim 15 wherein the code configured to cause the processor
in an access terminal to:

cause the first carrier to be operated 1n the first operational
state comprise code to cause the processor to transmit
the first operational state schedule information; and

cause the second carrier to be operated 1n the second opera-
tional state comprise code to cause the processor to
transmit the second operational state schedule informa-
tion.

17. A processor 1n an access terminal to establish discon-
tinuous uplink transmissions on a plurality of wireless carri-
ers, the processor comprising;

a parameter controller configured to 1dentity common tim-
ing parameters to be used for discontinuous uplink trans-
missions on each of a plurality of wireless carriers
usable for concurrent transmissions from the access ter-
minal;

a first carrier state controller within the access terminal,
coupled with the parameter controller, and configured
to:
identify a first operational state to be associated with a

first carrier of the plurality of wireless carriers; and
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cause the first carrier to be operated 1n the first opera-
tional state in accordance with the common timing
parameters; and
a second carrier state controller within the access terminal,
coupled with the parameter controller, and configured
to:
identily a second operational state, different from the
first operational state, to be associated with a second
carrier of the plurality of wireless carriers; and
cause the second carrier to be operated in the second
operational state 1n accordance with the common tim-
ing parameters; and
wherein:
the first carrier state controller and the second carrier
state controller within the access terminal are oper-
able to run concurrently on a corresponding one of the
plurality of wireless carriers;
the second carrier 1s operated by the second carrier state
controller within the access terminal 1n the second
operational state different from the first operational
state, 1n accordance with the common timing param-
eters utilized by the second carrier, concurrently with
the first carrier being operated by the first carrier state
controller within the access terminal 1n the first opera-
tional state, in accordance with the common timing
parameters utilized by the first carrier;
the processor receives schedule information for the first
operational state on the first carrier at the access ter-
minal; and
the processor recerves schedule information for the sec-
ond operational state on the second carrier at the
access terminal.
18. The processor of claim 17, wherein the processor 1s
communicatively coupled with a memory configured to:
store common timing parameters to be used for discontinu-
ous uplink transmissions on each of the plurality of
wireless carriers usable for concurrent transmissions
from the access terminal; and
store schedule information for the first operational state on
the first carrier at the access terminal and store schedule
information for the second operational state on the sec-
ond carrier at the access terminal.
19. A method for wireless communication, the method
comprising:
storing by an access terminal, data identifying common
timing parameters for discontinuous uplink transmis-
s1ons on each of a plurality of wireless carriers usable for
concurrent transmissions from the access terminal;
identifying by a first of a plurality of state control hardware
modules within the access terminal, a first operational
state to be associated with a first carrier of the plurality of
wireless carriers:
identifying by a second of the plurality of state control
hardware modules within the access terminal, a second
operational state, different from the first operational
state, to be associated with a second carrier of the plu-
rality of wireless carriers, wherein:
cach of the plurality of state control hardware modules
within the access terminal 1s operable to run concur-
rently on a corresponding one of the plurality of wire-
less carriers; and
in accordance with the common timing parameters, the
access terminal operate concurrently on the first car-
rier by the first of the plurality of state control hard-
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ware modules within the access terminal 1n the first
operational state, 1n accordance with the common
timing parameters utilized by the first carrier, and on
the second carrier by the second of the plurality of
state control hardware modules within the access ter-
minal 1n the second operational state different from
the first operational state, 1n accordance with the com-
mon timing parameters utilized by the second carrier;
receving by the access terminal, schedule information for
the first operational state on the first carrier at the access
terminal; and
recerving by the access terminal schedule information for
the second operational state on the second carrier at the
access terminal.

20. The method of claim 19, wherein,

the first operational state comprises a data transmitting

state; and

the second operational state comprises a periodic burst

state during an inactive data transmission period.
21. The method of claim 19, wherein,
the first operational state comprises a first periodic burst
state during an inactive data transmission period; and

the second operational state comprises a second periodic
burst state during an inactive data transmission period,
wherein there 1s a longer duration between bursts 1n the
second periodic burst state than the first periodic burst
state.

22. The method of claim 19, wherein the common timing,
parameters comprise a same burst length for burst transmis-
sion during an 1nactive data transmission period.

23. The method of claim 19, wherein the common timing,
parameters comprise a same time between bursts during an
inactive data transmission period.

24. The method of claim 19, wherein the common timing,
parameters comprise:

a same first time between bursts during a first inactive data

transmission period; and

a same second time, longer than the first time, between

bursts during a second 1nactive data transmission period,
the second inactive period occurring for a respective
carrier when an 1nactivity timer exceeds a threshold.
25. The method of claim 24, wherein the common timing,
parameters comprise the threshold, the threshold comprising
a same 1nactivity threshold.
26. The method of claim 19, wherein the first operational
state and the second operational state have a common and
synchronized transmit timing interval.
27. The method of claim 19, wherein the first carrier and
the second carrier comprise adjacent carriers.
28. The method of claim 19, wherein the access terminal 1s
turther configured to:
identily the second operational state to be associated with
a third carrier of the plurality of wireless carriers; and

cause a transceiver 1n the access terminal to operate on the
third carrier in the second operational state 1n accor-
dance with the common timing parameters.

29. The method of claim 28, wherein the access terminal 1s
configured to cause the transceiver to operate concurrently on
the second carrier in the second operational state and the third
carrier in the second operational state, wherein the second
carrier and the third carrier have a common and synchronized
transmit timing interval.
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